LOW STRESS CONDUCTIVE POLYMER BUMP 
DESCRIPTION 



Background of Invention 
[Paral] Field of the Invention 

[Para 2] The present invention generally relates to conductive 
interconnections and more particularly involves conductive interconnections 
that utilize thermoplastic conductive adhesives having metal particles therein. 

[Para 3] Description of the Related Art 

[Para 4] A variety of isotropic and anisotropic conductive adhesives have 
been used for chip joining applications in the past and currently. These tend 
to have limitations in terms of conductor size, pitch, complexity, conductivity, 
stability, resistance to electromigration, and long term reliability. One 
particular type of isotropic adhesive employs thermoplastic polymers which 
incorporate various metal particles in selected forms and shapes to provide an 
electrically conductive path between the semiconductor device and device 
carrier. Such adhesive bumps may be assembled using controlled application 
of temperature and pressure for a designated range of time to form an 
electrical interconnect. These interconnects can then be underfilled with 
epoxy-based materials to provide a permanent mechanical supporting 
structure to maintain the electrical interconnection for circuit package chip 
production. 

Summary of Invention 

[Para 5] In one embodiment, the invention provides a laminated conductive 
interconnection for joining an integrated circuit device to a device carrier, 
where the conductive interconnection comprises alternating metal layers and 
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polymer layers. The polymer layers include metal particles and the alternating 
metal layers and polymer layers form either a cube-shaped structure or a 
cylinder-shaped structure. The alternating metal layers and polymer layers 
can be positioned substantially parallel or substantially perpendicular to the 
device carrier and the integrated circuit device. The polymer layers comprise a 
thermoset polymer (thermoplastic conductive adhesive). 

[Para 6] In another embodiment, the invention provides a conductive 
interconnection that has a spherical-shaped or cylinder-shaped polymer and 
metal projections extending from the integrated circuit device and the device 
carrier. These metal projections extend partially into the polymer and can 
have a cone-shape (which is triangular when viewed in cross-section). The 
projections can extend from either or both the integrated device and the 
device carrier. In this embodiment, the polymer also includes metal particles. 

[Para 7] A different embodiment comprises a similar spherical-shaped or 
cylinder-shaped polymer that has dendrites within the polymer. Again, the 
polymer includes metal particles. These dendrites comprise a coating of 
palladium on the silver (or alternate) metal particles and are positioned 
irregularly within the polymer such that they enhance the intercalation of the 
silver particle network. 

[Para 8] A further embodiment again has a spherical-shaped or cylinder- 
shaped polymer that has bipolar or bifunctional micelle brushes on the outer 
surface of the polymer. One end of the micelle brushes has an affinity for the 
polymer and the other end of the brushes has an affinity for the integrated 
circuit device underbump metallurgy (UBM) and/or the device carrier pad 
metallurgy. Again, the polymer includes metal particles. These micelle 
brushes comprise self assembled particles that have enhanced adhesion with 
one end of the micelle brushes having an affinity for the metal and metal pads 
and the other end of the micelle brushes having an affinity for the polymer. 
An example of the metal reactive end of the micelle brushes is a thiol moiety 
while the opposite end of the micelle brushes may be an organic tail which 
reacts or associates with the polymer in the bump or underfill. 
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[Para 9] Thus, disclosed is a laminated (or non-laminated) conductive 
interconnection for joining an integrated circuit device to a device carrier, 
wiiere the conductive interconnection comprises alternating metal layers and 
polymer layers. In addition, the polymer can include dendrites, metal 
projections from the carrier or device, and/or micelle brushes on the outer 
portion of the polymer. The polymer layers include metal particles and the 
alternating metal layers and polymer layers form either a cube-shaped 
structure or a cylinder-shaped structure. These, and other, aspects and 
objects of the present invention will be better appreciated and understood 
when considered in conjunction with the following description and the 
accompanying drawings. It should be understood, however, that the following 
description, while indicating preferred embodiments of the present invention 
and numerous specific details thereof, is given byway of illustration and not of 
limitation. Many changes and modifications may be made within the scope of 
the present invention without departing from the spirit thereof, and the 
invention includes all such modifications. 

Brief Description of Drawings 

[Para 10] The invention will be better understood from the following detailed 
description with reference to the drawings, in which: 

[Para 1 1] Figure 1 is a cross-sectional schematic diagram of an interconnect 
structure; 

[Para 1 2] Figure 2 is a cross-sectional schematic diagram of an interconnect 
structure; 

[Para 1 3] Figure 3 is a cross-sectional schematic diagram of an interconnect 
structure; 

[Para 14] Figure 4 is a cross-sectional schematic diagram of an interconnect 
structure; and 

[Para 1 5] Figure 5 is a cross-sectional schematic diagram of an interconnect 
structure. 
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Detailed Description 

[Para 1 6] TPie present invention and the various features and advantageous 
details thereof are explained more fully with reference to the nonlimiting 
embodiments that are illustrated in the accompanying drawings and detailed 
in the following description. It should be noted that the features illustrated in 
the drawings are not necessarily drawn to scale. Descriptions of well-known 
components and processing techniques are omitted so as to not unnecessarily 
obscure the present invention. The examples used herein are intended merely 
to facilitate an understanding of ways in which the invention may be practiced 
and to further enable those of skill in the art to practice the invention. 
Accordingly, the examples should not be construed as limiting the scope of 
the invention. 

[Para 1 7] As described in greater detail below, the invention utilizes a flexible 
polymer matrix (such as polyimide siloxane polymer matrix) containing metal 
particles, such as silver, nickel-iron, gold, copper, palladium, metal alloys 
and/or, other conductors. All such metals should be selected for low alpha 
emission properties so as to minimize soft errors in semiconductor devices 
packaged using such materials. This type of conductive interconnect is 
sometimes referred to as a "bump". 

[Para 1 8] Such a polymer matrix can be formed by a number of different 
methods, such as transient liquid phase alloy reaction as disclosed in U.S. 
Patent 6,1 99,751 , and incorporated herein by reference. The isotropic 
thermoplastic conductive adhesive used with the invention can also be 
formulated as a screenable paste including a solvent of benzyl acetate or ethyl 
acetate. Alternate formulations can also be used in which conductive balls or 
decals can be fabricated for application to the device pads or even metal 
columns. The bumped device once formed can be easily stripped of the 
conductive adhesive by application of the benzyl acetate solvent to provide for 
reworkability. 

[Para 1 9] Such bumped devices can be joined to various types of chip carriers 
such as glass, ceramic, or organic chip carriers using controlled temperature 
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and pressure over a designated period of time, tPius aligning tPie metal 
particles to form an intercolated network. This process may be assisted by 
application of an electrical, a magnetic, or a radio frequency field to orient and 
interconnect the metal particles within the polymer matrix while forming the 
electrical joint. 

[Para 20] With the invention, this conductive polymer may be applied in a 
cube or cylindrical shape (Figures 1-2), or a hemispherical or cylindrical shape 
(see Figures 3-5). In the drawings, items 1 1 0 and 1 1 2 represent the device 
(e.g., integrated circuit chip, etc.) and device carrier, respectively. Typically, 
the device surface 1 1 0 will be coated with a precious metal such as gold or 
even palladium with dendrites to enhance stability of the contact and promote 
conductivity. 

[Para 21] In Figure 1 , the invention provides a laminated conductive 
interconnection 1 00 for joining an integrated circuit device 1 1 0 to a device 
carrier 1 12, where the conductive interconnection comprises alternating metal 
layers 104 and polymer layers 102. As shown in the drawings, the polymer 
layers 102 include metal particles and the alternating metal layers 104 and 
polymer layers 1 02 form either a substantially cube-shaped structure or a 
substantially cylinder-shaped structure. The alternating metal layers 104 and 
polymer layers 1 02 can be positioned substantially parallel or substantially 
perpendicular to the device carrier 1 1 2 and the integrated circuit device 1 1 0. 
As mentioned above, the polymer layers 1 02 can comprise a thermoset 
polymer (thermoplastic conductive adhesive). 

[Para 22] The conductive interconnect 1 00 can be formed by alternately 
depositing/forming, the polymer 102 and metal 104 layers until the desired 
number of layers are formed. Then, the layers can be patterned using any 
conventional patterning technique (such as masking and etching) to pattern 
the interconnects 1 00 on either the device 1 1 0 or the carrier 1 1 2. 
Alternatively, the laminated structure can be diced and then deposited onto 
the device 1 1 0 or the carrier 1 1 2 and, therefore, can be positioned as shown in 
Figure 1 or Figure 2. 
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[Para 23] In another embodiment shown in Figure 3, the invention provides a 
conductive interconnection 300 that has a spherical-shaped (rounded) polymer 
302 and metal projections 304 extending from the integrated circuit device 
1 1 0 and the device carrier 1 1 2. These metal projections 304 extend partially 
into the polymer 302 and can have a cone shape (which is triangular when 
viewed in cross-section). The projections 304 can extend from either or both 
the integrated device 1 1 0 and the device carrier 112. In this embodiment, the 
polymer 302 also includes metal particles. Preferably, the projections 304 are 
formed first on the device 1 1 0 and/or the carrier 1 1 2 by depositing a metal 
layer and then patterning the metal layer into the projection shapes 304. 
Then, the polymer 302 is deposited one either the device 1 1 0 or the carrier 
1 1 2 and the device 1 1 0 and the carrier 1 1 2 are then joined together. 

[Para 24] Shown in Figure 4 is a different embodiment that provides an 
interconnect 400 that has a similar spherical-shaped polymer 402 and 
dendrites 404 within the polymer 402. Again, the polymer includes metal 
particles. These dendrites 404 comprise a plated coating of palladium on the 
conductive metal (such as silver) and are positioned irregularly within the 
polymer 402. The dendrites 404 are preferably mixed with the polymer 402 
before the polymer 402 is deposited on either the device 1 1 0 or the carrier 
112. 

[Para 25] A further embodiment of an interconnect 500 is shown in Figure 5. 
This embodiment again has a spherical-shaped polymer 502 that has micelle 
brushes 504 on the outer surface of the polymer. One end of each micelle 
brush 504 has an affinity for the polymer 502 and the other end of the 
brushes 504 has an affinity for the integrated circuit device 1 1 0 and the device 
carrier 1 1 2. These micelle brushes 504 therefore help bond the polymer 502 
to the device 1 1 0 and carrier 1 1 2 or pads 506 thereon. Again, the polymer 
includes metal particles. These micelle brushes may comprise a thiol or other 
reactive moiety at one end which may readily react with metal surfaces and an 
organic tail which may react or associate with the polymer matrix or underfill 
which act via self assembly on contact with metal and polymer. In this 
embodiment, the surface of the polymer bumps 502 is functionalized with 
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chemistry 504 which readily bonds to the under-bump metallurgy, such as a - 
thiol chemistry to coinage metal, in order to assist in the attachment and 
alignment of the polymer-derived C4 bumps. 

[Para 26] After forming any of the conductive, thermoplastic adhesive 
interconnects Ooints) 100, 300, 400, 500, discussed above, the interconnects 
can be protected from mechanical damage by underfill which can be either 
permanent or reworkable. Once underfilled, the resulting module is as durable 
as structures using Sn/Pb solder joints. Further, each embodiment is not 
mutually exclusive to the other embodiments. Therefore, the inventive 
structure can include the polymer combined with the dendrites 404, the 
projection studs 304, the micelle brushes 502, and/or can be formed as a 
laminated structure or a spherical structure. 

[Para 27] Assembly can be performed using commercially available equipment 
at temperatures of, for example, 220C. The resulting joints can be reworked 
using solvent to dissolve the joints and reuse the chip 1 1 0 or chip carrier 1 1 2 
if required. The joints, once formed, are electrically conductive and can be 
used for temporary chip attachment for test and rework if required. The joints 
incorporated into the circuit package can be made Pb-free. Therefore, they are 
not subject to typical problems with secondary reflow seen with lead-based 
solder in conventional structures. The joints can be designed as inherently low 
alpha emitting to minimize soft error rates in devices. Insulation resistance 
and stress test durability in temperature/humidity/bias and thermal cycling 
environments are excellent based on the ability of the conductive adhesive to 
encapsulate the metals within it and form a somewhat flexible electrical joint 
structure, which can more closely match the thermal coefficient of expansion 
of the underfill and organic chip carrier 1 1 2. The organic polymer adhesive 
forms a strong bond with the underfill such that little separation or 
delamination occurs during secondary thermal excursion to high assembly 
temperatures for card attachment and board processing. Another advantage of 
these structures is that the size and pitch can be easily scaled from large sizes 
and pitches such as 0.008/0.015 inches to 0.003/0.006 inches or smaller. 



Page 7 of 1 6 



[Para 28] The invention provides a number of advantages compared to 
currently available structures. The invention uses easily processed materials 
with conventional formulation and application equipment. The materials are 
reworkable after initial application without damage to the device 1 1 0. The 
materials are amenable to wafer scale processing. The structures formed are 
mechanically stable as bumps on the wafer and can be diced using 
conventional equipment. The invention has enhanced mechanical strength and 
bonding at interfaces, enhanced structural integrity, ease of assembly. 

[Para 29] While the invention has been described in terms of preferred 
embodiments, those skilled in the art will recognize that the invention can be 
practiced with modification within the spirit and scope of the appended claims. 
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